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(54) Low noise level tire. 

(57) A low noise level tire 1 includes a carcass 3 
composed of at least one ply toroidal ly extend- 
ing between a pair of bead cores 6, and a tread 2 
arranged radially outwardly of the carcass 3 and 
composed of an outer cap rubber layer Lc and 
an inner base rubber layer Lb. The cap rubber 
layer Lc is made of a rubber having a dynamic 
storage modulus of not less than 1.0 x 10 8 
dyn/cm 2 and not more than 2.0 x 10 8 dyn/cm 2 
and a loss tangent more than 0.15 and not more 
than 0.35. The base rubber layer Lb is made of a 
rubber having a dynamic storage modulus of 
not less than 1.2 x 10 8 dyn/cm 2 and not more 
than 2.2 x 1 0 8 dyn/cm 2 and a rate of foaming of 
not less than 5 % and not more than 50 %. 
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The present invention relates to tires for use in general vehicles, particularly trucks, buses and modern 
urban traffic vehicles such as monorail cars, subway trains using rubber tires and the like. More particularly, 
the invention relates to a low noise level tire which lowers both passing noises and acceleration noises gen- 
erated from the tire to reduce vehicle-outside noise including the noises of these types, and simultaneously 

5 maintains its wear-resistance as an essential performance at a high level as desired. 

Recently, great interest has risen in the noises dispersed out of vehicles among various factors of tires 
affecting the social environment, and demand for the reduction of the noise generated from the tires them- 
selves has been increasing, in addition to the economical improvement of tires, which is a fundamental require- 
ment. Such demand for the reduction of the noise has risen with respect to not only tires for cars running on 

10 general roads but also tires for monorail cars, subway trains and other modern urban traffic vehicles. 

In the past, noise generated from the tire to the outside of a test vehicle (vehicle-outside noise) was usually 
measured in the state that the vehicle was drifted after a clutch in the vehicle had been disengaged. A micro- 
phone was fixedly arranged at a position spaced 7.5 m from a running way of the tire to be tested, and the 
noise was measured when the vehicle passed by the position. The magnitude of the passing noise was judged 

15 by the measured results. However, since it comes to be considered that the passing noise is not sufficient to 
represent the actual vehicle noise, a conclusion has been reached that combination of the acceleration noise 
and the passing noise must be considered with the same importance for estimating the actual vehicle noise. 

In order to lower the passing noise in the reduction of the tire noise, it has been proposed to modify grooves 
formed in treads or to change the configuration of treads. 

20 Moreover, for example, Japanese Patent Application Laid-open No. 2-2251 06 has disclosed a tire whose 

tread is composed of a usual cap rubber layer and a base layer made of a foam rubber having a low elastic 
modulus and a high loss tangent in order to maintain wear- resistance and improve the riding comfortability 
against vibration, although it does not aim to directly reduce the vehicle-outside noise. 

Furthermore, Japanese Patent Application Laid-open No. 2-60803 has disclosed a tire adapted to reduce 

25 the noise in a vehicle caused by vibration when running on a bad road without lowering the cornering perfor- 
mance, although it does not aim to directly reduce the vehicle-outside noise, either. The disclosed tire has a 
tread including a cap layer and an inner layer. The cap layer is made of a usual rubber having a high hardness 
and a high elastic modulus, and the inner layer is made of the same rubber as that of the cap layer but mixed 
with 3 % to 10 % by volume of a vulcanized rubber particles having a low hardness to have a low elastic mod- 

30 ulus and a low loss tangent. 

Among the proposals described above, with the modified grooves in the treads or the modified treads 
themselves, the wear- resistance is unavoidably lowered and further reduction in the acceleration noise is 
scarcely possible because no attention is paid to the reduction in the acceleration noise, although the passing 
noise can be reduced. 

35 The techniques disclosed in the Japanese Patent Application Laid-open Nos. 2-2251 06 and 2-60803 have 

suggested the reduction in the vehicle-outside noise. However, with the tire disclosed in the Japanese Patent 
Application Laid-open No. 2-225106, the acceleration noise is rather increased according to results of experi- 
ments carried out by the present inventors, although both the wear-resistance and the riding comfortability 
against vibration can be simultaneously improved and the passing noise can be lowered, the acceleration noise 
40 inversely becomes greater. 

Moreover, with the tire disclosed in Japanese Patent Application Laid-open No. 2-60803, the passing noise 
greatly increases with respect to the vehicle-outside noise, although the acceleration noise can be reduced. 

By way of experiment, tires were produced whose cap layer of the tread was made of a rubber having a 
low elastic modulus and a high loss tangent within a range guessed from the disclosures of the above two 
45 Japanese Applications, and these tires were tested. As a result, the passing and acceleration noises were re- 
duced, but the wear-resistance was lowered to an extent that the tires could not be practically used. 

In measuring the passing and acceleration noises in the present invention, a microphone is arranged ad- 
jacent a tire so as to measure only the noise generated from the tire in order to exclude the influence of the 
background noise as much as possible. This is different from the conventional measurement made by arrang- 
50 ing a microphone at a position remote from the vehicle as described above. 

From the above explanation, it cannot but be concluded that there is no prior art technique which can re- 
duce the passing and acceleration noises simultaneously without lowering the wear- resistance of a tire. 

It is an object of the invention to provide a low noise level tire capable of maintaining grooves and the shape 
of a tread in best configurations without modification of them, which tread grooves and shape greatly affect 
55 performances of the tire, such as wear- resistance , simultaneously reducing both the passing and acceleration 
noises which have been incompatible with each other as in the prior art described above because one of them 
is decreased to in its turn increase the other, and further preventing the great reduction in wear-resistance 
which tends to occur when both the passing and:acceleration noises are simultaneously reduced. 
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In other words, the object of the invention is to provide a low noise level tire which can maintain or improve 
wear-resistance which is fundamentally essential for the tire, and can simultaneously reduce both the passing 
and acceleration noises dB (A) which have been increasingly demanded to be lowered recently. Namely, the 
object of the invention is to provide a tire having the above effects without modifying the skeleton and the 
5 construction of the tire. 

In order to accomplish the object, the present invention is to provide a low noise level tire including a car- 
cass of at least one ply toroidally extending between a pair of bead cores, and a tread arranged radially out- 
wardly of the carcass and composed of an outer cap rubber layer and an inner base rubber layer, wherein the 
cap layer is made of a rubber having a dynamic storage modulus of not less than 1 .0 x 10 8 dyn/cm 2 and not 
10 more than 2.0 x 10 8 dyn/cm 2 and a loss tangent of not less than 0.15 and not more than 0.35, and the base 
layer is made of a rubber having a dynamic storage modulus of not less than 1.2 x 10 8 dyn/cm 2 and not more 
than 2.2 x 10 8 dyn/cm 2 and a rate of foaming more than 5 % and less than 50 %. 

In the present invention, the maximum width of the base layer in its axial width direction is preferably at 
least equal to the entire width of the tread of the tire. 
15 The low noise level tire having the above features according to the invention can improve or maintain the 

wear-resistance at high level, which is essential for any tire, and can simultaneously lower both the passing 
and acceleration noises to desired levels, which could not be achieved in the prior art. 

In order that the invention may be more clearly understood, preferred embodiments will be described, by 
way of example, with reference to the accompanying drawings. 
20 For a better understanding of the invention, reference is made to the attached drawing: 

Fig. 1 is a sectional view illustrating a half portion of a tire according to the invention on the left side of 
an equatorial plane taken along a radial plane including a rotating axis of the tire. 

One embodiment of the low noise level tire according to the invention is shown in Fig. 1 which illustrates 
a half portion of the tire on the leftside of an equatorial plane X-X in section taken along a radial plane including 
25 the rotating axis of the tire. The low noise level tire 1 includes a tread 2, which is composed of a base rubber 
layer Lb and a cap rubber layer Lc. The tread has a tread width TW. A radial carcass 3 toroidally extends be- 
tween a pair of bead cores 6, which are each reinforced by a stiffener rubber 7 and a chafer 8. A side rubber 
5 extends between the bead portions and the tread 2. The tread 2 is formed with circumferential grooves 9. 

The rubber of the cap layer Lc preferably has a dynamic storage modulus (E'c) of not less than 1 .0 x 1 0 8 
30 dyn/cm 2 and not more than 2.0 x 10 8 dyn/cm 2 and a loss tangent (tan 8c) of not less than 0.15 and not more 
than 0.35. On the other hand, the rubber of the base layer Lb preferably has a dynamic storage modulus (E'b) 
of not less than 1.2 x 10 8 dyn/cm 2 and not more than 2.2 x 10 8 dyn/cm 2 . The above values of the dynamic 
storage modulus and the loss tangent are values determined by measuring them by means of a viscoelastic 
spectrometer under the conditions: atmospheric temperature of 25 °C, frequency of 52 Hz, initial strain of 5 % 
35 and dynamic strain of 1.0 %. Values given later are values determined in the same manner. 

All the base layer Lb is preferably made of a foam rubberwhose rate of foaming is preferably within a range 
of 5 % to 50 %, more preferably 10 % to 40 %. The rate of foaming used herein is defined by an expression 
[{(po-ps)/(pi-ps)}-1] x 1 00 (%), where po (g/cm 3 ) is a density of the foam rubber at a solid phase, ps (g/cm 3 ) is 
a density of a gas in voids of the foam rubber, and pi (g/cm 3 ) is a density of the foam rubber. 
40 The maximum width w of the base layer Lb is preferably at least equal to the width TW of the tread 2. The 

percentage by volume of the base layer Lb to the whole tread is preferably 20 % to 70 %, more preferably 25 
% to 65 %. 

The present inventors conducted various experiments with respect to tires each having a tread composed 
of two layers, or cap and base layers, and investigated effects of physical properties such as the dynamic stor- 
es age modulus (E'c) and the loss tangent (tan 5c) of the rubber of the cap layer and the dynamic storage modulus 
(E'b) of the rubber of the base layer upon passing noise, acceleration noise and wearing of the tread. 

According to experimental results, when the rubber of the cap layer had a high dynamic storage modulus 
and a high loss tangent, acceleration noise was fully reduced and good wearing resistance was exhibited, 
whereas passing noise was not fully reduced. On the other hand, when the rubber of the cap layer had a high 
50 dynamic storage modulus and a low loss tangent, good wearing resistance was exhibited, whereas passing 
noise and acceleration noise were not fully reduced. Further, when the rubber of the cap layer had a low dy- 
namic storage modulus and a high loss tangent, passing noise and acceleration noise were fully reduced, 
whereas wearing resistance was poor. On the other hand, when the rubber of the cap layer had a low dynamic 
storage modulus and a low loss tangent, passing noise was fully reduced, whereas acceleration noise was not 
55 fully reduced and wearing resistance was poor. Furthermore, when the rubber of the base layer had a high 
dynamic storage modulus, acceleration noise was fully reduced and good wearing resistance was exhibited, 
whereas passing noise was not fully reduced. On the other hand, when the rubber of the base layer had a low 
dynamic storage modulus, passing noise was fully reduced, whereas acceleration noise was not fully reduced 
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and wearing resistance was poor. 

The inventors of the present invention reviewed those experimental results, and arrived at a conclusion 
that with the combination of the rubber layers shown in Table 1 , it is impossible that while the wear- resistance 
is kept, both the passing noise and the acceleration noise are simultaneously reduced. 

5 In the present invention, it is a major premise to maintain high wear-resistance for the tire as described 

above. For this end, it is seen from the above experimental results that the dynamic storage moduli of the rub- 
bers of both the cap and base layers are kept at higher values than certain values. However, when the dynamic 
storage moduli of both the layers are higher, the level of the passing noise becomes higher, which makes it 
impossible to accomplish the object of the invention. 

10 In order to accomplish the object of the invention, wear-resistance is ensured by setting the dynamic stor- 

age modulus (E'c) of the rubber of the cap layer at a high value, also setting the loss tangent (tan 8c) of the 
rubber at a somewhat higher level, and further setting the dynamic storage modulus (E'b) of the rubber of the 
base layer to a value somewhat higher than that E'c of the cap layer to be coupled with the base layer, whereas 
the base layer is made of a foam rubber whose voids are dispersed. Thereby, the problem of the high drift 

15 noise is solved. In other words, although the rubber of the base layer has a high dynamic storage modulus, 
vibration energy or noise energy can be considerably reduced by absorbing, in the voids of the base layer, the 
vibration energy generated in the tread rubber when the tire rolls. 

Thus, the tire according to the invention can lower the passing noise as well as the acceleration noise, 
and can maintain or improve the wear-resistance of the tread of the tire. 

20 The dynamic storage modulus (E'c) of the rubber of the cap layer is specified to be not less than 1 .0 x 

10 8 dyn/cm 2 and not more than 2.0 x 10 8 Syn/cm 2 according to the invention. This is because if the (E'c) is 
less than 1.0 x 10 8 dyn/cm 2 , the required wear-resistance can not be obtained, and if the (E'c) is more than 
2.0 x 10 8 dyn/cm 2 , the passing noise exceeds an expected level. Preferably, 1.05 x 10 8 ^ E'c ^ 1.90 x 10 8 
dyn/cm 2 0.16 ^ tan 8c ^ 0.33, and 1.25 x 10 8 ^ E'b ^ 2.10 x 10 8 dyn/cm 2 . 

25 Moreover, the loss tangent (tan 8c) of the rubber of the cap layer is specified to be not less than 0.15 and 

not more than 0.35 according to the invention. This is because if the (tan 8c) is less than 0.1 5, the acceleration 
noise becomes greater, and if the (tan 8c) exceeds 0.35, an amount of heat generated in the tread increases 
to lower the heat separation-resistance of the tread. 

On the other hand, the dynamic storage modulus (E'b) of the rubber of the base layer is specified to be 

30 not less than 1 .2 x 1 0 8 dyn/cm 2 and not more than 2.2 x 1 0 8 dyn/cm 2 according to the invention. This is because 
if the (E'b) is less than 1 .2 x 1 0 8 dyn/cm 2 , the acceleration noise becomes great, and if the (E'b) is more than 
2.2 x 1 0 8 dyn/cm 2 , the passing noise exceeds an expected level even if the foam rubber specified in the present 
invention is used. 

Furthermore, the rate of foaming of the foam rubber for the base layer is specified to be not less than 5 

35 % and not more than 50 % according to the invention. This is because if the rate of foaming is less than 5 %, 
it cannot sufficiently absorb vibration energy which would be emitted outside as noise so that the passing noise 
may not be reduced to the desired level, and if the rate of foaming is more than 50 %, the wear-resistance is 
lowered, which makes it impossible to accomplish the object of the invention. 

In addition, the maximum width w of the base layer made of the foam rubber is at least equal to the width 

40 TWof the tread, because if the width of the base layer is less than TW, the noise-decreasing effect is reduced 
and the expected low noise level cannot be obtained. Moreover, the percentage by volume of the base layer 
to the whole tread is 20 % to 70 %, because if it is less than 20 %, absorption of the noise energy becomes 
insufficient, and if it is more than 70 %, the expected wear service life cannot be obtained due to exposed 
foam rubber in spite of remaining tread grooves having depths enough to allow the use of the tire. 

45 Fundamental constructions in a width direction of actually manufactured tires of Examples 1 and 2 accord- 

ing to the invention will be explained by referring again to Fig. 1. The tires of both the Examples have a tire 
size of 10.00R20 for trucks and buses, and the fundamental construction is the same except the rubbers of 
cap and base layers of the tread. 

The low noise level tire 1 shown in Fig. 1 includes a radial carcass 3 of one ply reinforced by steel cords 

50 and toroidally extending between a pair of bead cores 6 (only one shown in Fig. 1) and a belt 4 of three layers 
reinforced by steel cords and arranged radially outwardly of the radial carcass 3. Astiffener rubber 7 and a 
chafer 8 are arranged as a reinforcement at each of the bead portions. Aside rubber layer 5 extends radially 
inwardly from each of the width ends of the tread 2 to one bead portion. The steel cords of at least adjacent 
two layers of the belt 4 including three layers preferably intersect each other, and the steel cords are preferably 

55 inclined at angles within the range of 20° to 40° relative to an equatorial plane X-X of the tire. (The inclined 
angles are 30° in these examples.) 

The tread 2 is formed by rubbers of an outer cap layer Lc and an inner base layer Lb. The width TW of 
the tread was 195 mm, while the width w of the base layer was 230 mm. When the tire 1 was mounted on a 
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normal rim and inflated with a standard internal pressure, the radius of the tread was 550 mm. 

Table 1 shows recipes, dynamic storage moduli (E') and loss tangents (tan 8) of the rubbers used in the 
respective layers of the treads of Examples, Conventional Example (Prior art), and Comparative Examples. 
The figures in the recipe are parts by weight of the respective components with respect to 100 parts by weight 
5 of the rubber. The (E') and (tan 8) were measured under the above-mentioned conditions by means of the 
measuring instrument described above. Each of test rubber pieces was 20 mm in length, 5 mm in width and 
2 mm in thickness. The construction, materials and various dimensions of the tires of Conventional Example 
and Comparative Examples were substantially the same as those of Examples except the recipe of the rubber 
and the construction of the tread. 

10 

Table 1 
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35 



Recipe 


A 


B 


C 


D 


E 


F 


J 


H 


Natural rubber 


100 


100 


100 


90 


100 


70 


70 


70 


Styrene- butadiene rubber 
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Polybutadiene rubber 












30 


30 


30 


Carbon black 


50 


40 


60 


55 


68 


40 


55 


55 


Process oil 
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Stearic acid 


2 


2 


2 


2 


2 


2 


2 


2 


Antioxidant 


1 


1 


1 


1 


1 


1 


1 


1 


Zinc white 


3 


3 


3 


3 


3 


3 


3 


3 


Vulcanizing accelerator 


1.0 


1.0 


1.0 


1.0 


1.0 


0.6 


0.6 


0.6 


Sulfur 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


(Foaming agent) 


















Dinitrosopentamethylene-tetramine 












3.0 


3.0 


1.0 


Urea 












3.0 


3.0 


1.0 


Rate of foaming 












20.3 


19.4 


3.8 


E' (x10 3 dyn/cm 2 ) 


1.23 


0.65 


1.70 


1.10 


2.21 


0.85 


1.75 


1.80 


tan 5 


0.20 


0.10 


0.26 


0.32 


0.36 


0.15 


0.25 


0.26 



40 

Tires of Examples, Conventional Example and Comparative Examples were manufactured by using the 
rubbers having the recipes in Table 1 as shown in Table 2. 



Table 2 
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Example 


Prior art 


Comparative example 




1 


2 




1 


2 


3 


4 


5 


6 


7 


(Example of blending) 






















Cap layer 


C 


A 


A 


B 


C 


D 


E 


A 


B 


A 


Base layer 


J 


J 












F 


J 


H 



With the tires of Conventional Example and Comparative Examples 1 to 4, the tread was made of a cap 
rubber layer only. 

The tires of each of Examples, Conventional Example and Comparative Examples were equipped on a 
large-sized vehicle having one front axle and two rear axles, only one of which was driven. Two kinds of noise 
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levels, that is to say, passing noise and acceleration noise were measured by the following estimation method. 
The tire was assembled onto a normal rim of 700 T x 20, and filled with a normal pneumatic pressure of 7.25 
kgf/cm 2 . Two tires were fitted to the front axle, and four tires were fitted to each of the two rear axles. Thus, 
totally ten tires were used in the vehicle for the test for one kind of the tires. 

5 For measuring the passing noise, three microphones were fixedly arranged at positions spaced approxi- 

mately 30 cm from the tread of the tire on the driving axle of the vehicle. When the vehicle was running at 40 
km/h, the engine of the vehicle was stopped and noise was measured as the passing noise immediately after 
the stoppage of the engine. The passing noise level was expressed by dB (A), and the average value of the 
measured values at three locations was used. The smaller the value, the better is the result. 

10 For measuring the acceleration noise, the same vehicle with the same number of the tires was used as 

in the measurement of the passing noise. Microphones were used in the same number and the same set pos- 
itions as in the measuring of the passing noise. The vehicle was running at 40 km/h, and a torque of 300 kgfm 
was applied to the tires. At that time, the noise was measured as the acceleration noise. The acceleration noise 
level was also expressed by dB (A), and the average value of measured levels at three locations used as in 

15 the passing noise. The smaller value, the better is the result. These measured values of the acceleration noise 
are shown in Table 4 together with those of the passing noise. 

For estimating the wear-resistance of the tires, each of the tires of Examples, Conventional Example and 
Comparative Examples was mounted on a normal rim of a vehicle and filled with the standard internal pressure, 
in the same manner as described above. After the vehicle had been driven about 40,000 km on general roads, 

20 depths of remaining grooves in the tread were measured. A traveled distance per 1 mm of a worn-off depth 
of a groove was calculated, and was taken as an index value representative of the wear resistance. Assuming 
that the value of the tires of the prior art was 100, the obtained values were expressed by index of wear re- 
sistance. These index numbers are shown in Table 3. The larger value, the better is the result. 



Table 3 
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35 





Example 


Prior art 


Comparative example 


1 


2 


1 


2 


3 


4 


5 


6 


7 


Passing noise 


83.7 


81.9 


84.0 


81.9 


85.8 


82.8 


86.9 


83.1 


82.5 


85.2 


Acceleration 
noise 


87.6 


88.6 


90.0 


92.3 


87.9 


87.3 


87.3 


91.5 


91.8 


88.9 


Wear resistance 


115 


104 


100 


75 


118 


95 


123 


98 


78 


105 



As can be seen from Table 3, the tires of Examples 1 and 2 exhibit lower levels of both the passing and 
acceleration noises, and particularly significant effect upon the acceleration noise, in comparison with the tire 
of the prior art. In addition, it should be noticed that the wear resistance of the tires of Examples 1 and 2 are 
greatly improved. 

Moreover, the tires of Examples 1 and 2 have splendid results in all-round performances of the passing 
and acceleration noises and wear-resistance in comparison with Comparative Examples. Making an additional 
remarks, the tire of Example 1 is inferior in terms of the passing noise but superior in terms of the acceleration 
noise to the tires of Comparative Examples 1 , 3, 5 and 6. Moreover, the tire of Comparative Example 3 exhibits 
the levels of the passing and acceleration noises near to those of the tires of Example 1, but is considerably 
inferior in terms of the wear resistance to the tire of Example 1 and even the tire of Prior Art. Therefore, the 
tire of Comparative Examples 3 is undesirable. 

The tires of Examples 1 and 2 are pneumatic radial tires having steel cords as reinforcing members. How- 
ever, it is of course that the present invention is applicable to a tire whose belt and/or carcass is reinforced by 
organic or inorganic fiber cords. Moreover, the present invention is not limited to the radial carcass tire, but 
can bring about the same effect by applying it to a bias tire having organic or inorganic fiber cords. 

It is further understood by those skilled in the art that the foregoing description is that of preferred em- 
bodiments of the disclosed tires and that various changes and modifications may be made in the invention 
without departing from the scope of the claims. 
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Claims 

1. A low noise level tire (1) including a carcass (3) composed of at least one ply toroidally extending between 
a pair of bead cores (6), and a tread (2) arranged radially outwardly of said carcass (3) and composed of 
an outer cap rubber layer (Lc) and an inner base rubber layer (Lb), characterized in that the cap rubber 
layer (Lc) is made of a rubber having a dynamic storage modulus of not less than 1.0 x 10 8 dyn/cm 2 and 
not more than 2.0 x 10 8 dyn/cm 2 and a loss tangent of not less than 0.15 and not more than 0.35, and 
the base rubber layer (Lb) is made of a rubber having a dynamic storage modulus of not less than 1 .2 x 
10 8 dyn/cm 2 and not more than 2.2 x 10 8 dyn/cm 2 and a rate of foaming of not less than 5 % and not more 
than 50 %. 

2. A tire according to Claim 1, wherein the maximum width of the base rubber layer (Lb) in its width direction 
is at least equal to the entire width of the tread (2) of the tire. 

3. A tire according to Claim 1 or 2, wherein the rate of foaming of the base rubber layer (Lb) is not less than 
10 % and not more than 40 %. 

4. A tire according to Claim 1 , 2 or 3, wherein the percentage by volume of the base rubber layer (Lb) with 
respect to the whole tread is 20% to 70%. 

5. A tire according to Claim 4, wherein the percentage by volume of the base rubber layer (Lb) with respect 
to the whole tread is 25 % to 65 %. 

6. A tire according to any of the preceding Claims, wherein the dynamic storage modulus of the cap rubber 
layer (Lc) is not less than 1.05 x 10 8 but not more than 1 .90 x 10 8 dyn/cm 2 . 

7. A tire according to any of the preceding Claims, wherein the dynamic storage modulus of the base rubber 
layer (Lb) is not less than 1.25 x 10 8 but not more than 2.10 x 10 8 dyn/cm 2 . 

8. A tire according to any of the preceding Claims, wherein the loss tangent of the cap rubber layer (Lc) is 
not less than 0.16 but not more than 0.33. 
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FIG. I 
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